SUMMARY The fermentation ofglucose and corn starch by faecal suspensions from two subjects was examined over a three and a half year period. The substrate specificity and products of the faecal fermentations of each subject were relatively stable during this period and were significantly different between subjects. The major soluble end products offermentation of glucose or starch were acetate, propionate, and butyrate. Hydrogen temporarily accumulated and was subsequently used in fermentations by both subjects. Hydrogen was used without methane production in fermentations of subject 1, but was used for methane formation in fermentations of subject 2. Although the rates of glucose fermentation were similar between both subjects; subject 1 produced a significantly greater molar ratio of propionate than did subject 2. The rate offermentation ofstarch by faecal suspensions from subject 1 was faster than that of subject 2. The molar ratio of butyrate was greater for starch fermentations by subject 2, while the molar ratio of propionate was greater with subject 1. Significant differences were found between subjects in molar ratios and concentration of acetate and propionate and concentrations of butyrate in faeces.
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substrates to the characteristic SCFA and gases of the colonic fermentation. ' The general features of the fermentation appear to be similar in all adults.' There is, however, little information about the variability of the fermentation. Variability, which reflects qualitative and/or quantitative differences in the species that constitute the microbial community, might be manifested in several ways. The microbiota of individuals might differ in their capacity to ferment different substrates. An extreme example of this is the demonstration that the faecal microbial communities of about 20% of the human population examined fermented the highly crystalline cellulose present in filter paper whereas the microflora of all of the human population fermented the amorphous cellulose found in vegetables. 8 The result implies differences in the kinds of species that digest cellulose. Products might vary between and within individuals. An extreme example is the production of methane by the microbial communities of some individuals and not by others.9 This reflects differences in the concentration of a particular bacterial species that uses hydrogen to reduce carbon dioxide to methane.'0 " Hydrogen is a major fermentation product of other species that cannot produce methane.' The amounts of methane production and the concentrations of the bacteria that produce methane from hydrogen and carbon dioxide differ markedly between individuals but are stable within an individual." 12 Because different species make different contributions to the production of the individual SCFA, variations of the proportions of acetate, propionate, and butyrate may occur. Examples of these variations in SCFA are known for the rumen fermentation which is very similar to the colonic fermentation.'3 The possible occurrence of similar variations in colonic fermentations has, however, not been investigated.
The present study was initiated to examine the possibility that an individual adult produces a relatively constant Constancy ofglucose and starch fermentations by two different humanfaecal microbial communities acids were formed in these and other incubations described in this report. The time course of starch fermentation by faecal suspensions of subject 1 is shown in Figure 3 . The rate of starch disappearance appeared to be slower than the rate of glucose disappearance by suspensions of the same subject (Fig. 1) . Hydrogen was produced more slowly and disappeared more rapidly when starch was the substrate (Fig. 3) than when glucose was the substrate. Production of acetate, propionate, and butyrate from starch (Fig. 3) was similar to that from glucose (Fig. 1) . Starch fermentation by subject 2 is depicted in Figure 4 . The rate of starch disappearance was much slower than the rate of glucose disappearance by suspensions from the same subject (Fig. 2) and production of SCFA and methane was much slower with starch (Fig. 4) than with glucose ( Fig. 2) .
RATES OF FERMENTATION
Although the rates of glucose fermentation by suspensions of the two subjects were similar (Figs. 1  and 3) , the rates of starch fermentation differed significantly (Figs. 2 and 4 ). Rate differences were examined in more detail by analysing one-hour fermentations of glucose and starch with faecal suspensions obtained over a two year period. In addition, six hour starch fermentations with three separate faecal suspensions from each subject, obtained over a two month period, were examined. The results (Table 2) showed that much greater amounts of acetate, propionate and butyrate were produced from starch by suspensions from subject 1 during the six hour period than were produced by suspensions from subject 2. There was higher production of valerate, a minor product, by the starch fermentations of subject 2. Results of one hour starch incubations of different faecal suspensions from each subject confirmed the differences in rates of fermentation of starch between the subjects (Table 2 ). There also was a significant difference in the rates of acetate production from glucose between the two subjects ( Table 2 ). This may be because of a lag in the production of acetate by subject 2 (Fig. 2) . Subject 2 also produced significant amounts of methane in all incubations while subject 1 produced none or only trace amounts.
PROPORTIONS OF SCFA
The amounts of SCFA produced and the proportions of individual SCFA in the total SCFA mixture after complete fermentation of 100 mg of substrate by suspensions from each subject were examined. The results (Table 3) showed that the amounts and proportions of propionate produced from glucose by subject I were significantly higher than that produced by subject 2 when glucose was the substrate. With starch, production and proportions of acetate and propionate were higher for subject 1 and the amount and proportion of valerate was higher for subject 2. The proportion of butyrate was higher in subject 2 with starch as substrate, but the amounts produced/ 100 mg of starch fermented were not significantly different than that produced by subject 1.
FAECAL SCFA
The concentrations of SCFA and proportions of acetic, propionic, and butyric acids in faeces from the two subjects obtained over a three year period are shown in Table 4 . The total amounts of faecal SCFA were significantly higher for subject 1 (Table 4 ). The molar ratio of propionate to total SCFA was significantly higher for subject 1, whereas the molar ratio of acetate and isovalerate to total SCFA, as well as the dry weight of faeces, were significantly higher for subject 2.
Discussion
The fermentation patterns of the faecal suspensions *Means of lsmoles of products formed/100 mg substrate (555 imol glucose equivalents) (SD). Only trace amounts (<2 imol) of isobutyrate and isovalerate were produced. Three determinations for each subject and substrate (glucose over 10-month period, corn starch over 3-month period). tNumbers in square brackets are the means of per cent molar ratios of products (SD). of the two subjects were sufficiently constant over a period of time to allow comparisons of the activities of the microbial flora of the subjects. The flora of subject 1 clearly has a greater capacity to ferment starch than the flora of subject 2. Studies in recent years have shown differences in malabsorption of starch depending upon the form of starch.18 A recent study showed that normal subjects malabsorb more potato starch than did subjects with adenomatous polyps.6 The differences in rates of starch fermentation by faecal suspensions found in the present study may be a reflection of differences in malabsorption by the two subjects. Subject 1 may malabsorb more starch than subject 2 and therefore have a microbial community that is better adapted to ferment starch.
In addition to rate differences in substrate fermentation, the studies also showed differences between the two subjects in the amounts and proportions of acids produced. Subject 1 produced higher amounts and proportions of propionate with both glucose and starch. It is interesting to note that the pattern of high proportions of propionate of subject 1 hold for the SCFA distributions in faeces as well as in the in vitro fermentation system. In fact, if the ratios of acetate: propionate:butyrate in faeces and after in vitro incubation are compared, they are very similar. They are 63:19:18 in faeces and 61:19:21 after 24 hour incubations with glucose and 66:15:19 after 24 hour incubations with starch. Subject 1, in addition to having a flora with greater capacity for fermenting starch, also has a flora with greater capacity for producing propionate from either starch or glucose.
Similar comparisons of the faecal ratios with in vitro ratios for subject 2 show wider differences. Acetate:propionate:butyrate is 70:14:16, 64:13:22, and 70:5:25: for faeces, in vitro glucose, and in vitro starch fermentations, respectively. A possible explanation is that subject 2 also had higher faecal dry weights and lower concentrations of SCFA (either on a dry or wet basis) than did subject 1. Perhaps absorption or metabolism of SCFA might lead to in vitro versus in vivo differences.
Subject 1 suspensions produced hydrogen rapidly from glucose and starch. After net hydrogen production ceased, hydrogen was used. Methane, which is produced by the reduction of carbon dioxide by hydrogen, was produced in only trace amounts by suspensions of subject 1. Experiments in press'9 have shown the use of hydrogen to reduce carbon dioxide to acetate by faecal suspensions that do not produce significant amounts of methane.
Because the microbial community of the large bowel is composed of a large number of different genera and species, an enormous effort is necessary to investigate quantitative differences in the concentrations of individual species between subjects or within a subject as a function of diet, age, environment, or other variables. For example, a difference in the production of 2 and 4 1 of methane per day between two individuals is a large difference in terms of accumulation and removal of gas in the host but may result from only a two-fold difference in the concentrations of the methane producing bacteria responsible for production of the gas. Detection of a two-fold difference in the concentration of bacteriafor example, between lx 10"' and 2x 101' requires a technique that will selectively enumerate the methane producers and accurate methods of enumeration with replicates and statistical analysis to substantiate that the difference is real. Differences of microbial activities, however -for example, the rate of starch disappearance, are easily measured and provide a means of comparing the capacity for the activity between individuals or within an individual.
The results of the study show that relatively stable differences in the microbial community activities of different individuals can be detected by examining the rates of fermentation of different substrates and the arrays of fermentation products. The approaches described in this report can be used to examine differences within and between individuals in relation to the effects of diet, age, environment, disease, and other variables on the microbial fermentation in the colon. These comparisons can also be the starting point for investigations of the microbiological differences that cause the differences in colonic fermentation. If the hypothesis that differences in the capacity to ferment different substrates is related to differences in malabsorption, the studies of fermentation may prove a useful adjunct to other methods of investigating malabsorption. 
